We investigated habitat characteristics of the yellow-throated marten Martes flavigula (Carnivora : Mustelidae) using geographic information system (GIS). GPS coordinates of the target mammal traces and seven habitat factors were used for the GIS analysis. The Odaesan National Park (ONP) is selected as a study area for GIS analysis of the habitat characteristics. According to the GIS analysis of whole area of ONP, main forest type was broadleaf trees which occupy 72% of forests. Trees of 4th to 6th age-calss account for 93% of the ONP forests. The mean elevation and slope of ONP was 901 m and 22.1 o , respectively. According to the GIS analysis of M. flavigula habitats in ONP, most M. flavigula traces were found in borad-leaf forests and coniferous forests which are main forest types of ONP. In addition, the yellow-throated marten recorded a relatively high appearance rate of 7% in unstocked forests, which account for much less than 1% of the area of ONP. Most of the marten traces were found in forests with trees of 4th to 6th age-classes. The traces were found in the forest types in higher elevation (1,080.3 m) and lower slope (15.0 o ) on average, compared with those of ONP. Appearance rate of the marten traces was 96% in range less than 600 m from the water. The traces were frequently found in areas far distantly beyond 1,400 m range from human residental areas and cultivated areas.
Introduction
Carnivorous mammals at the top of the food chain, as predators, can have profound effects on the trophic levels below them and play very important roles in ecosystems through their control of the population size of preys in lower levels in food chain. There are 245 species of the order Carnivora recognized in worldwide (Estes et al. 2011; Hunt 2011) . Since mammals of Carnivora have relatively low population density and wide home range, they tend to be sensitive to environmental change of habitats (Noess et al. 1996) such as reduction and fragmentation of habitats and poaching (Ripple et al. 2014) .
The martens of the genus Martes within the subfamily Mustelinae, in the family Mustelidae, consist of nine species (Wozencraft 2005) . They are distributed in coniferous and deciduous forests across the northern hemisphere. The yellowthroated marten Martes flavigula (Carnivora : Mustelidae) is an Asian species of martens which is widely distributed and present as relatively stable population (Abramov et al. In this study, we investigated geographical distribution of M. flavigula in Odaesan National Park and characteristics of M. flavigula habitats were examined using geographic information system (GIS)
Materials and Methods
For analyses of characteristics of M. flavigula habitats, total 94 GPS coordinates of M. flavigula traces (catching sight of martens, fecal materials and foot prints) were collected from 2013 to 2015 in Odaesan National Park (ONP) (Fig. 1) .
For GIS analysis, seven environmental factors to give effects to habitat use and selection of M. flavigula (Table 1) , depending on previous studies, were selected as follows: forest type, age-class, slope ( o C), elevation (m), distance from mountain stream (m), distance from human residential areas (m), Distance from cultivated areas (m) (Seo and Park 2000; Choi 2003; Lee and Song 2008; Seo et al. 2008; NPRI 2011; Kwon et al. 2012; Song and Kim 2012; Lim et al. 2015) .
The seven factors were classified into three categories of forests (forest type and age class), terrain (slope, elevation and distance from mountain stream), and disturbance (distance from human residential areas and distance from cultivated areas) (Table 1) . Layers of the seven factors (Fig. 2) and geographical distribution of M. flavigula traces (Fig. 1) were produced and overlapped. Layers of forest factors were produced according to the 5th digital forest type map provided by Korean Forest Service. All the layers were analyzed by every 200 m. Forest type and terrain characteristics of ONP previously published (Lim et al. 2015) were used for comparison with those of M. flavigula habitats. Resolution for the layers was adjusted to 30 m and all the analyses were conducted using ArcGIS 10.0 (ESRI Inc, USA). 
Results and Discussion
Characteristics of forests (tree type and age class) that M. flavigula has used as their habitats were revealed from GIS analysis based on GPS coordinates of total 94 localities that traces were found. Broad-leaf forests were found to have the highest appearance of M. flavigula traces, which account for 61% of total appearance of traces, and then followed by coniferous forests (26%) and unstocked forest areas (11%) (Fig. 3A) . Most traces were found in the forests with trees of the 4th to 6th age-classes, with the highest appearance in forests with the 5th age-classes (Fig. 3B) . Thus, the results of GIS analysis indicate that the martens of M. flavigula in ONP prefer broad-leaf forests, which consist of trees of the 5th age-class, as their habitats (Fig.  3B) . These results are well agreement with those of the GIS analysis based on GPS coordinates of M. flavigula home range collected using radio telemetry techniques in Jirisan National Park (Woo 2014) .
Characteristics of forest type and age class were compared between forests of whole ONP and those of M. flavigula habitats. In case of the forest types, most ONP forests consist of broad-leaf forests and coniferous forests. As in the tree components of ONP forests, similarly, habitats of M. flavigula consist of borad-leaf forests and coniferous forests, with a relatively very high ratio when compared to the others (mixed forests and unstocked forest area and non-forests). In case of the unstocked forest area, interestingly, its relative ratio in ONP was less than 0.05%. Traces of M. flavigula, however, shows relatively high appearance of 7% (Fig. 3A) .
In comparison of tree age-class between the ONP forests and M. flavigula habitats (Fig. 2B) , trees of 4th to 6th age-classes account for 93% of the ONP forests. Although trees of the 5th age-class (35%) and the 4th age-class (32%)
are similarly distributed in ONP, M. flavigula traces were found to be much higher in the forests with trees of the 5th age-class (47%) than those of the 4th age-class (22%). In case of the forests with trees of the 6th age-class, although the range ratio (26%) that they occupy in ONP is lower than that (32%) of the forests with trees of the 4th age-class, (Fig. 4B) . Most of M. flavigula traces (96%) were found in the ranges within 600m near mountain stream (Fig. 4C) .
Appearance of M. flavigula traces was relatively lower in the ranges within 600m from the disturbed areas such as human residential area (18%) and cultivated areas (27%) (Fig. 5 ). As shown in previous studies (Choi and Choi 2007; Woo 2014) , the results indicate that M. flavigula prefer the interior of forests than edge of forests or disturbed forests near human residential area or cultivated area.
In conclusion, the statistical analysis of M. flavigula habitats shows that M. flavigula prefers broad-leaf forests with trees of the 5th age-class, the forests above 1,080m higher than average elevation (901 m) of ONP, the slope (15.0 o ) lower than that of average slope (22.1 o ) of ONP, the ranges within 600m near mountain stream, and the ranges beyond at least 1,400m from human-disturbed areas (Table 2) . Environmental conditions for suitable wildlife habitats require foods, cover, water, space and well arrangement of the four components (Lee et al. 2010) . In this study, the food resources were not included. Thus, ecological data in relation to food resources and food chains will more required for habitat use of M. flavigula in further studies.
